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The title binuclear Co III complex, [Co 2 (C 9 H 8 BrNOS) 2 (C 18 H 16 Br 2 N 2 O 2 S 2 )]Á-C 3 H 7 NO, with a Schiff base ligand formed in situ from cysteamine (2-aminoethanethiol) and 5-bromosalicylaldehyde crystallizes in the space group P2 1 . It was found that during the synthesis the ligand undergoes spontaneous oxidation, forming the new ligand H 2 L 0 having an S-S bond. Thus, the asymmetric unit consists of one Co 2 (L) 2 (L 0 ) molecule and one DMF solvent molecule. Each Co III ion has a slightly distorted octahedral S 2 N 2 O 2 coordination geometry. In the crystal, the components are linked into a three-dimensional network by several SÁ Á Á Br, CÁ Á Á Br, C-HÁ Á ÁBr, short SÁ Á ÁC (essentially shorter than the sum of the van der Waals radii for the atoms involved) contacts as well by weak C-HÁ Á ÁO hydrogen bonds. The crystal studied was refined as an inversion twin.
Chemical context
Schiff bases represent one of the most widely used organic compounds. The ability to construct novel ligand systems by means of condensation of a variety of readily available aldehydes and amine makes them and their metal complexes ideal candidates for the construction of novel polynuclear compounds as well for investigation of a large range of properties (Mitra et al., 1997; Bera et al., 1998; Prabhakaran et al., 2004; Nesterov et al., 2014) . It has been shown that the formation and cleavage of disulfide bonds is important for the biological activity of several sulfur-containing peptides and proteins (Gilbert et al., 1999; Jacob et al., 2003) , which makes the study of complexes having a multidentate NSO-containing mixed-ligand environment of considerable interest. Thus, such complexes can be considered as model objects for studying the active sites of biological systems (Halcrow et al., 1994) . Despite this, very few studies devoted to the synthesis and investigation of complexes of azomethines formed from thioamino alcohol have been reported. In this work we present a novel binuclear Co III complex with a mixed N,O,S-donor Schiff base ligand derived from the condensation of 5-bromosalicylaldehyde with cysteamine (2-aminoethanthiol) hydrochloride. The synthesis, crystal structure and spectroscopic characterization are described herein. 
Structural commentary
The title compound ( Fig. 1 ) crystallizes in the monoclinic space group P2 1 . The asymmetric unit consists of a binuclear metal complex molecule and a DMF solvent molecule of crystallization. The coordination geometry around each Co III ion can be described as slightly distorted octahedral with an S 2 N 2 O 2 coordination sphere, each ligand spanning the metal atom meridionally. The ligand fragments coordinated to the Co III ions are twisted, as defined by the dihedral angles of 70.41 (2) between the mean planes of atoms O3/N3/C19/C24/ C25 and O4/N4/C28/C33/C34 around Co1, and 64.78 (2) between the mean planes of atoms O2/N2/C15/C10/C16 and O1/N1/C1/C6/C7 around Co2. During the synthesis, the ligand is partially oxidized with the formation of a -(CH 2 ) 2 -S-S-(CH 2 ) 2 -bridge. Thus, in contrast to a closely related complex (Chakraborty et al., 1994) , in the title complex the oxidized Schiff base ligand binds to Co1 in a tetradentate fashion while the non-oxidized ligand binds to Co2 in a tridentate fashion, and its thiolate atoms lie in a cis-position, bridging atoms Co1 and Co2. The Co 2 S 2 bridge is almost planar, with a mean deviation of 0.0673 (4) Å . The Co-S distances in the title complex are in the range 2.207 (3)-2.289 (3) Å , which is generally comparable to the range 2.23-2.26 Å observed for other thioether-Co III complexes published earlier (Chakraborty et al., 1994 and references therein). Contact distances such as for CoÁ Á ÁCo and SÁ Á ÁS are also similar.
Supramolecular features
In the crystal, the bridging ligands are involved in short SÁ Á ÁBr(x, y, 1 + z) [3.596 (2) Å ] and SÁ Á Á Br(x, y, À1 + z) [3.364 (2) Å ] contacts, which connect neighboring structural units into chains along [001] (Fig. 2) . The solvent DMF molecules are connected to the complex units by weak C-HÁ Á ÁO hydrogen bonds (Table 1, Fig. 3 ). In addition, the components are linked by C-HÁ Á ÁBr (Table 1) , CÁ Á ÁBr [C10Á Á ÁBr = 3 3.443 (8) Å and C15Á Á ÁBr3 = 3.506 (7) The crystal packing of the title compound viewed along the a axis. Weak C-HÁ Á ÁO hydrogen bonds and C-HÁ Á ÁBr contacts are shown as dashed lines. Table 1 Hydrogen-bond geometry (Å , ). 
Figure 1
The molecular structure of the title compound, showing 50% probability displacement ellipsoids.
al., 2018). The interatomic distances between the aliphatic sulfur atom (S4) and the C16 carbon atom of the ligand of an adjacent molecule (at 1 + x, y, z) are essentially shorter than the sum of the van der Waals radii for the atoms involved [S4Á Á ÁC16 = 3.198 (8) Å ] (Fig. 4) . Analogous short contacts are well known for coordination compounds with the 1,2,3,4,5-dithiadiazolyl radical (Beldjoudi et al., 2013; Boeré, 2016 and references therein). (Chakraborty et al., 1994) . Closely related structures with short SÁ Á ÁC contacts are 4-(4-methylphenyl)-3H-1,2,3,5-dithiadiazole (Beldjoudi et al., 2013) and bis[4-(4-trifluoromethylphenyl)-1,2,3,5-dithiadiazolyl radical] triphenylstibine (Boeré, 2016) .
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Synthesis and crystallization
A solution of KOH (0.12 g, 2 mmol) in a minimum amount of methanol was added to a solution of 2-aminoethanthiol hydrochloride (0.23g, 2 mmol) in methanol (5 ml) and stirred in an ice bath for 10 min. The white precipitate of solid KCl was removed by filtration and 5-bromosalicylaldehyde (0.40 g, 2 mmol) in dimethylformamide (10 ml) were added to the filtrate and stirred on air magnetically for 40 min. Cobalt acetate (0.25 g, 1 mmol) was added to the yellowish solution of the Schiff base formed in situ, and the resulting deep-brown solution was stirred magnetically and heated in air at 323-333 K for 2 h. Crystals suitable for X-ray crystallographic study were formed within ca 1 month after successive addition of i-PrOH into the resulting solution. The crystals were filtered off, washed with dry i-PrOH and finally dried at room temperature (yield: 18%). Analysis calculated for The IR spectrum of the title complex in the 4000-400 cm
À1
range shows the characteristic azomethine group (-H-C N) peak at 1616 cm À1 , indicating the formation of the Schiff base. There are no bands assignable to (O-H), indicating the loss of the phenolic hydrogen of the free ligand. In addition, all the characteristic functional group peaks are present in the spectrum. Thus, signals in the 3000-3100 cm À1 and 1600-1400 cm À1 regions were assigned to the aromatic C-H and C-C stretches, and weak bands at 544 cm À1 and 684 cm À1 to the S-S and C-S stretches, respectively. The very strong bands at 1454 cm À1 can be attributed to overlapped C-H bending (scissoring) (in the CH 3 groups of the solvent molecule) and aromatic -C C stretching vibrations. Another strong band at 1310 cm À1 can be assigned to C-O vibrations. The structural assignment of the title compound was supplemented by its The crystal packing of the title compound. The SÁ Á ÁBr, CÁ Á ÁBr and C-HÁ Á ÁBr contacts that link the components in the crystal are shown as dashed lines.
Figure 3
The crystal packing of the title compound with weak C-HÁ Á ÁO hydrogen bonds and SÁ Á Á Br contacts shown as dashed lines.
at room temperature using TMS as the internal standard. It revealed an azomethine proton singlet at 8.099 ppm as well the increase in spectroscopic complexity in both the aromatic and aliphatic regions. 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . The hydrogen atoms bonded to carbon were included at geometrically calculated positions (C-H = 0.93-0.97 Å ) and refined using a riding model with U iso (H) = 1.5U eq (C-methyl) and 1.2U eq (C) for other H atom. The crystal studied was refined as an inversion twin with the ratio of the twin components refining to 0.436 (12):0.564 (12). Computer programs: SMART and SAINT (Bruker, 2008) , SHELXT (Sheldrick, 2015a) , SHELXL2016/4 (Sheldrick, 2015b), SHELXTL (Sheldrick, 2008) and publCIF (Westrip, 2010) .
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Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Refinement. Refined as a two-component inversion twin
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
